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ADRENALECTOMY AND REPLACEMENT THERAPY
IN LACTATING RATS*
S. J. FOLLEYt AND A. T. COWIE
It is generally accepted that normal lactation is impossible in the
absence of the adrenal cortex; early experiments emphasizing the
importance of the adrenals in lactation have been reviewed by Tur-
ner9 and by Folley.2 An investigation of the problem by Gaunt and
Tobin7 indicated that considerably larger doses of adrenal cortex
extract than would suffice to maintain life were necessary for the
maintenance of lactation in adrenalectomized rats. More recendy,
Gaunt, Eversole, and Kendall' have reported that an approximately
normal lactational performance could be secured in adrenalectomized
rats by administration of 17-hydroxy-11-dehydrocorticosterone
(Kendall's Compound E) or by sufficient doses of a whole extract of
adrenal cortex. Desoxycorticosterone acetate (Doca), earlier
reported by Gaunt5 to cause no improvement in lactation in adre-
nalectomized rats, now, in some cases, gave positive results but in
no case supported an average normal lactation. The results of
experiments on replacement therapy in adrenalectomized lactating
rats are reported in this paper; in some respects our results differ
fromthose reported previously.'
Methods
Two successive series of experiments were carried out on batches of hooded
Norway rats belonging to the colony maintained in this Institute by Dr. S. K.
Kon, to whom we are greatly indebted for placing the facilities of the colony
at our disposal. The diet was as described previously,1 save for the substitution
of margarine for butter. All litters were reduced to eight at birth, four pups
of each sex being preserved whenever possible. Lactational performance was
judged by the growth and survival rates of the litters, the only method so far
available for laboratory rodents.
* From the National Institute for Research in Dairying, University of Reading,
England. This work was carried out during the tenure by A.T.C. of a Research
Grant from the Agricultural Research Council of Great Britain.
t Rockefeller Foundation Research Fellow in Anatomy, Yale University School
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Adrenalectomy was performed under ether anesthesia on the 4th day of
lactation, by which time it was possible to recognize and discard from the
experiment any animals not lactating normally. Co'ntrols were subjected to
a sham operation. The mothers were killed at weaning (21 days after par-
turition) or, in Experiment 1 only, on the death of the last member of the
litter in cases where whole litters died before weaning. All adrenalectomized
rats were carefully examined at autopsy for traces of adrenal tissue; in no
case was any found.
Kendall's Compounds A ( 1 -dehydrocorticosterone) and E, Doca, and
diethylstilbestrol in sesame oil were injected subcutaneously once daily. The
daily oil volume was 0.5 ml. in the case of the adrenal steroids and 0.2 ml.
32 in the case of the estro-
gen. A whole extract
of adrenal cortex (Es-
28 . chatin, Parke, Davis &
. / Co.), assaying 50 dog
24 units" per ml. was in-
jected subcutaneously
Z20 / twice daily in Experi-
ment l and once daily
°16 /, ~ t in Experiment 2. In
the latter experiment
one rat in each of the
w /~ groups receiving Es-
3s E chatin became ill and
<W 8 1' died soon after the
.2 operation; in each case
4_ the results were dis-
carded. In 'both ex-
,,,, ,,,, ,,,, periments daily injec-
f 3 5 7 9 11 13 15 17 tions were begun on
DAYS FROM PARTURITION ti e refegunion
FIG. 1. Mean growth curves of litters of groups of adrenal- the day of operation
ectomized rats receiving various treatments. and, in Experiment 1,
A - sham operation; no treatment
B - NaCl in drinking water contmued until wean-
C - adrenalectomy; no treatment ing. In Experiment 2, D - adrenal cortex extract (0.5 ml. daily) chiefly because of scar-
E - diethylistiibestrol (0.1 mg. daily) ,f= adrenalectomy and first injection city of the materials
used, only ten daily injections were given, save in the case of Compound E,
of which suflicient material was available for only nine injections into each
rat. This curtailment of the injection period had the advantage that it
enabled the effects of cessation ofreplacement therapy to be noted, thus provid-
ing additional evidence of the positive effects of some of the substances studied.
In Experiment 2 some members of the sham-operated and adrenalectomized
control groups were given ten daily injections of 0.5 ml. of sesame oil; in
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neither case had the oil injections any effect on the results, so that for these
groups the results for oil-injected and untreated animals were pooled. The
treatment accorded to each group is indicated in table 1.
Results
Mean growth curves of the pooled litters for each group used
in the first and second experiments are shown in Figs. 1 and 2. The
results for only the 36
first 17daysoflac-
tation are shown, 32
since at about the A
16th day young 28
rats in this colony /
begin to eat the 2 food provided for
24
the mothers *and 2 their growth rates z. 20
thereafter do not O
give a true indica- I
tion of the milk 3
yield of the moth- z
er. Table 1 shows -
the survival rates 8 v
of the litters at dif-
ferent periods of 4
the experiment and
also the m e a n 3 5 7 9 3 5 I?
weights of the DAYS FROM PARTURITION
y o u n g of all FIG. 2. Mean growth curves of litters of groups of adrenal- ectomized rats receiving adrenal cortex steroids or extract.
groups on days 4 A= sham operation; no treatment
B = desoxycorticosterone acetate (1.0 mg. daily) (operation), 14 (in c = 17-hydroxy-11-dehydrocorticosterone (1.0 mg. daily)
D = adrenal cortex extract (1.0 ml. daily) Experiment 2, the E = desoxycorticosterone acetate (0.1 mg. daily)
F = adrenal cortex extract (2.0 ml. daily) day following the G = adrenalectomy; no treatment
H = 11-dehydrocorticosterone (1.0 mg. daily) last injection), 1 = adrenalectomy and first injection lastinj ecilon),= 7,t njetio and 21 (weaning). Curve C is dotted merely for clarity.
It will be noted
that the controls used in Experiment 2 (Spring, 1944) lactated
slightly better than those used in Experiment 1 (Autumn, 1943).
The same applied in some degree to the two groups of adrenalec-
tomized controls. This may be connected in some way with the
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fact that morerats had to be discarded from Experiment 1 than from
Experiment 2 because of failure to lactate. Seasonal variations in
the percentage of females in this colony which lose their young soon
after birth have been recorded by Folley, Ikin, Kon, and Scott
Watson.8
Adrenlectomy: The results of both experiments show that in
our rats, adrenalectomy four days after parturition does not result
in complete lactational failure. Two rats in each group lost their
litters (table 1) but in most cases the young ofboth groups continued
to grow after the operation although at a rate significantly lower
than the control litters. Administration of sodium chloride (0.9 per
cent) in the drinking water, which was given ad lib., effected a slight
improvement in lactational performance in adrenalectomized rats as
judged by the survival rates of the litters. Incidentally only one
out of a total of 15 untreated adrenalectomized rats died before
weaning, i.e., within 17 days of adrenalectomy.
Replacement therapy: Of the materials tested for lactation-
maintaining activity after adrenalectomy, none, under these condi-
tions, was effective in supporting a normal lactation. The best
results were given by Doca at a level of 1 mg. daily (Fig. 2). A
definitely positive but smaller effect was given by 0.1 mg. daily.
This was confirmed by the fact that the weight of the young of this
group began to decrease two days after cessation of the injections.
In both groups receiving Doca the individual members of the group
gave consistent results and the indication of a graded response with
increasing dosage may be taken as quite definite.
Compound E at a level of 1 mg. daily also exerted a beneficial
effect, but, ascomparison of the slopes of the relevant growth curves
(Fig. I) shows, its effect was appreciably less than that of an equal
dose of Doca.
The results with Compound A are of some interest. Initially it
appeared to exert a slightly beneficial effect, but the growth curve
soon began to flatten out and before the injections ceased had fallen
below the curve for the adrenalectomized control group. The sharp
upward bend occurring at the 15th day is an artefact due to the death
of a high proportion of the young at this time. The deleterious
effect of Compound A in the dose given is illustrated by the figures
for the survival rates of the litters (table 1), only 17 per cent, repre-
senting 1 out of 5 litters, surviving to the 21st day.
Adrenal cortex extract in divided doses of 0.5 ml. daily caused
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no improvement in lactation (Fig. 1); on the contrary, table I shows
that its effects were deleterious in that only 26 per cent of the young
of this group, representing 2 litters out of 5, survived to the 21st
day. The growth curve shown in figure 1 therefore gives an unduly
favorable impression of the lactational performance of this group.
Undivided doses of 1.0 ml. and 2.0 ml. of the same extract gave,
on the other hand, a positive response of perhaps the same order,
judging from the slopes ofthe growth curves, as that given by 1 mg.
of Compound E daily.
Daily doses of 0.1 mg. ofdiethylstil'bestrol caused a marked addi-
tional inhibition oflactation, all litters being dead by the 12th day.
Discussion
The effects of adrenalectomy on lactation in our rats do not
appear to be as severe as in the rats used by Gaunt et al.6 since, in our
two experiments, the survival rates at the 17th day were 84 per cent
and 82 per cent, respectively, as compared with 43 per cent, and
this notwithstanding the fact that our rats each reared 8 pups as
against 6 in the experiments of Gaunt et al. It is possible that this
difference may be connected with the fact that our rats were adren-
alectomized later in lactation, but it seems more probable that our
strain of rat is more resistant to the effects of adrenalectomy.
Our results differ from those of Gaunt et al. in that: (a) we
were able to secure only partial maintenance of lactation and (b) of
a similar series ofsubstances tested, Doca, in our experiments, proved
the most efficacious. Since the two doses of Doca used by us clearly
gave graded responses, it is possible that 1 mg. daily was not the
optimum dosage and that even better results might have been
obtained with some other dose.
The interpretation of the growth curve for the group receiving
Compound E is complicated by the fact that although the rats were
assigned to the various groups at random, the growth curve for this
group lay from the outset slightly above the range of those of all
other groups used in Experiment 2. Taking this into account, and
considering also the survival rates of the young, it may be concluded
that the protective effect of Compound E was slightly inferior to
that of Doca at the same dose level, but definitely superior to that
of Doca at the lower level.
The initially favorable but finally deleterious effect of Com-
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pound Awas, in viewofthe results of Gaunt et al., quite unexpected.
It seems possible to explain this on the basis of the existence of a
fairly sharp optimum dosage for replacement therapy which, in this
experiment, was soon exceededbecause utilization and excretion could
not keep pace with the daily intake, with the result that the hormone
accumulated in the body. It is unfortunate that scarcity of material
prevented further investigation ofthis possibility.
Adrenalectomy increased the sensitivity of the rats to the lacta-
tion-inhibiting action of estrogen. In the present experiment, 0.1
mg. of diethylstilbestrol daily quicklycaused a marked decline in the
growth rate of the litters as compared with the young of adrenalec-
tomized controls and all the pups,were dead by the 12th day. On
the other hand, in intact rats from the same colony, Folley and Scott
Watson4 found that 3 mg. ofdiethylstilbestrol daily caused less rapid
and complete inhibition of lactation. These findings are in accord
with those of Gaunt et al.
Our failure to secure complete replacement therapy with adrenal
cortical extract is in contrast to the findings of Gaunt et al. Our
extractin doses of 1 ml.and 2 ml. daily,did, however, exert adefinite
positive effect and it is possible that better results would have been
obtained by subdivision ofthe dose. The deleterious effect produced
by 0.5 ml. (divided) doses of the same extract in Experiment 1 is
very difficult to explain. Since, at autopsy, the uteri of the rats in
this group were significantly heavier than those of the controls, it
was thought possible that the extract might contain a trace of estro-
gen which would account for observed inhibition of lactation. A
sample was accordingly sent for assay to Mr. P. C. Williams of the
Courtauld Institute of Biochemistry, Middlesex Hospital, London,
to whom we are greatly indebted for carrying out this test. How-
ever, no estrogenic activity could 'be demonstrated in 0.1 ml. of the
extract by intra-vaginal application, which method is capable of
detecting 0.0005 Vg. of estradiol.
SUmmary
Adrenalectomy in the rat on the 4th day of lactation caused a
marked, but not complete, inhibition of lactation.
Lactation was partially maintained in adrenalectomized rats by
daily injections of 1 mg. of desoxycorticosterone acetate; 17-hy-
droxy-1I-dehydrocorticosterone (1 mg. daily) was slightly less
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effective. Smaller responses were given 'by daily injections of 0.1
mg. desoxycorticosterone acetate and of 2 ml. or 1 ml. of an adrenal
cortex extract.
Deleterious effects on the lactational performance of adrenal-
ectomized rats were exerted by 1I-dehydrocorticosterone (1 mg.
daily), adrenal cortex extract (0.5 ml. in divided doses daily) and,
most dramatically, bydiethylstilbestrol (0.1 mg. daily).
Adrenalectomized rats are more sensitive than are intact rats to
the lactation-inhibiting action of estrogens.
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